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Wilbur Y.W. Lew, MDSEE PAGE 1257E xercise improves health and quality of lifewhile it reduces cardiovascular risk factors,comorbidities, and mortality. The evidence-
based beneﬁts of exercise provide a strong founda-
tion for the recommendations regarding physical
activity and exercise in health and disease (1,2).
Cardiovascular-related beneﬁts speciﬁcally have led
to the hypothesis that exercise may delay aging’s
cardiovascular effects.
Aging is associated with a progressive increase in
arterial stiffness (3), which increases the risk of
cardiovascular events, including cardiovascular and
all-cause mortality (4). Age-dependent increases in
arterial stiffness are attenuated by physical condi-
tioning, with an inverse relationship between arterial
stiffness and maximal oxygen consumption (VO2max),
an index of aerobic capacity (5).
The heart remodels with aging, including a pro-
gressive increase in left ventricular (LV) mass and wall
thickness beginning in middle age (6). Levine and
colleagues (7) showed that LV stiffness increases from
early adulthood to middle age, with little change in
seniors after 64 years of age. An increase in LV stiff-
ness, or a decrease in its inverse, LV compliance, leads
to less favorable ﬁlling and diastolic function. LV
compliance is greater in senior Master athletes than in
sedentary seniors and, indeed, is more similar to that
in young adults than in their age-matched but inactive
peers (8). Thus, high-level exercise may maintain a
more youthful LV compliance, but exercise is much
less effective when started later in life. Sedentary se-
niors undergoing 1 year of exercise training, for
example, increased VO2max and decreased arterial
elastance but had no change in LV compliance (9).*Editorials published in the Journal of the American College of Cardiology
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(10) extend their ﬁndings to examine the inﬂuence of
long-term (25-year) exercise patterns on LV compli-
ance in 102 healthy seniors (>64 years of age) (10).Subjects were classiﬁed by the number of dynamic
exercise sessions ($30 min) per week as sedentary (0
to 1 sessions), casual (2 to 3 sessions), committed (4 to
5 sessions), or competitive Master athletes (6 to 7
sessions, with participation in U.S. Masters competi-
tions). Subjects with chronic diseases that could
affect LV compliance were excluded.
LV compliance was assessed on the basis of LV
end-diastolic pressure-volume curves measured by
pulmonary capillary wedge pressure (right heart
cardiac catheterization) and LV volume (by echo-
cardiography, corrected to baseline LV volume by
cardiac magnetic resonance imaging) during physio-
logic maneuvers and ﬂuid infusions. The major
ﬁndings were higher LV mass index, LV compliance,
and VO2max (cardiopulmonary testing) in committed
exercisers and competitive Master athletes compared
with sedentary or casual exercisers, with no differ-
ences in LV systolic function.
There were no differences in Doppler indices of
diastolic function, similar to their previous study (11).
This indicates a lack of effect of exercise on LV
relaxation and early ﬁlling, which are active pro-
cesses (e.g., involving calcium cycling) reﬂected in
these indices. Noninvasive measures are commonly
used to assess and classify diastolic dysfunction but
only indirectly evaluate LV compliance (12). Accurate
assessment of LV passive properties requires invasive
measurements with slow heart rates so that active
processes of relaxation are largely completed. Thus,
the current study provides unique data for LV
compliance that is not readily available nor directly
comparable to the more widespread noninvasive
indices used to assess diastolic function.
The authors acknowledge limitations of a cross-
sectional study in a homogeneous population
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1268(mostly Caucasian, educated, middle-to-upper socio-
economic status), with a lack of information about the
intensity, duration, or mode of exercise. The latter is
important as isometric endurance (e.g., weight lift-
ing) causes concentric hypertrophy, whereas endur-
ance or isotonic exercise (e.g., running, swimming)
produces eccentric LV hypertrophy, with different
effects on LV compliance. Many of these highly
motivated individuals may have exercised for more
than 25 years, including during the transition from
young adult to middle age when the most dynamic
age-related changes in LV compliance occur. We do
not know if this inﬂuenced the results. Within these
limitations, committed or competitive exercise sufﬁ-
cient to increase LV mass and VO2max was associated
with decreased LV compliance, which did not occur
with casual exercise.
This study conﬁrms preserved LV compliance in
Master athletes (8) and extends this beneﬁt to
committed exercisers. This may seem like a minor
increment, but it is a major step in broadening the
beneﬁts of exercise on LV compliance from a small
number of competitive athletes to a much wider
population of recreational and healthy exercisers.
This level of commitment to exercise 4 to 5 times
per week is more realistic than becoming a competi-
tive Master athlete and a feasible goal for casual
exercisers.
A major barrier to the broad applicability of
these results is the disconnect between the well-
documented and publicized health beneﬁts of phys-
ical activity and exercise (1,2) and the lack of any
commitment to exercise among the general popula-
tion. The “idea” of exercise remains popular as
demonstrated by the growth in recreational activities,
sports, and numerous ﬁtness crazes over the decades.
However, actual participation in physical activity has
gone in the wrong direction, with only passive
involvement by most adults and an increase in
sedentary lifestyles. Between 1988 and 2010, the
percentage of U.S. adults who reported no physical
activity during leisure time increased markedly from
19% to 52% in women and from 11% to 43% in
men (13). There was a concomitant decrease in
intermediate-level physical activity from 45% to 19%
in women and from 43% to 15% in men, with a smaller
decrease in ideal levels of physical activity.
This decline in physical activity has been accom-
panied by an increase in obesity from 25% to 35% in
women and from 20% to 35% in men over the same
period (13). Physical activity is a major factor inﬂu-
encing body weight (14). Maintaining a high level of
physical activity over 20 years decreases weight gain
as young adults transition to middle age (15). It is amajor public health challenge to increase the level of
physical activity and reverse these insidious trends.
An aging population with less physical activity does
not bode well for maintaining a young, compliant
heart, and avoiding the adverse health consequences
of a sedentary lifestyle.
This study raises several issues which are difﬁcult
to address. The relationship between exercise and LV
compliance may reﬂect merely an association rather
than a causal effect. The time frame and duration of
exercise effects are uncertain and need to be deﬁned
to strengthen a causal relationship and lead to more
practical recommendations than a 25-year exercise
prescription. It is unknown whether a shorter
duration of exercise (<25 years) will preserve LV
compliance, and if it does, whether the effect is age-
dependent. The subjects in this study averaged 70
years of age and had a 25-year history of exercise,
which spans the transition from middle to senior age.
Smaller changes in LV compliance occur during this
period than in the transition from young adulthood
to middle age. It would be provocative if exercise
reverts LV compliance to a younger age, rather than
only preserves LV compliance to the age at onset of
exercise. Examining patients who change their exer-
cise pattern to determine if the beneﬁcial effects of
exercise on LV compliance persist or dissipate with a
decreased level of exercise, as might occur with
aging, would be interesting.
Another germane issue focuses on whether main-
taining greater LV compliance decreases the risk
for heart failure with preserved ejection fraction
(HFpEF). This is important because HFpEF is as
common as heart failure with reduced ejection frac-
tion and has a comparable mortality (16), but clinical
trials have yet to identify an effective therapy for
HFpEF (17). Diastolic dysfunction is more prevalent
with aging and predisposes to HFpEF (18), which
is associated with decreased LV compliance (19).
Whether decreased LV compliance from aging alone,
in the absence of comorbidities, contributes to HFpEF
remains unclear. There is a dearth of data on the
natural history of the progression from pre-diastolic
dysfunction to HFpEF (20). In a pilot study, exercise
improved diastolic function and quality of life in
HFpEF (21), making it tantalizing to propose that
committed exercise will prevent changes in LV
compliance that lead to HFpEF.
The effects of exercise are multifactorial and
complex. Potential factors that prevent age-related
changes in LV compliance include lowering blood
pressure and arterial stiffness to decrease afterload,
decreasing comorbidities (e.g., diabetes, obesity, and
hyperlipidemia) that contribute to HFpEF, improving
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1269endothelial function, and activating metabolic and
signaling pathways to reduce chronic inﬂammation,
ﬁbrosis, and LV remodeling (22,23). Identifying fac-
tors that contribute to changes in LV compliance may
lead to novel therapeutic targets for HFpEF, where
few effective therapies exist.
A long-term commitment to exercise preserves LV
compliance comparable to a young heart. This may
facilitate diastolic ﬁlling and preserve diastolic func-
tion. We face challenges to establishing causality,identifying mechanisms, and applying these results
to an increasingly sedentary population. A commit-
ment to meet these challenges will provide valuable
insights into maintaining cardiovascular health with
aging.
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